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BEST AVAILABLE COPY 

COMMUNICATIONS POWER CONTROL 
Field of Che Invention 

The present invention relates to power control in radio coiniij|unications 
5 systems. The present invention relates in particular, but not exdusi>||ely, to outer 
loop power control in ceUuleir commiuucations systems, for exampl| Universal 
Mobile Telecommunications System (UMTS) systems. 

Background of the Invention 

10 

Radio communications systems, for example cellular radio 
commtmications systems, are well known. In cellidar radio conmiui||ications 
systems, communication is carried out over radio links formed betv\|^en base 
stations and subscriber units. A subscriber uiut is typically a mobile||telephone 
15 (also known as a "mobile'' or a "cell phone"). 

Recentiy, cellular radio communications systems compliant vjfitii the well 
known Universal Mobile Telecommunications System (UMTS) standard have 
been implemented. In UMTS terminology, a base station is known a| a Node-B, 
20 and a subscriber imit is known as a User Equipment (UE). UMTS isH^articularly 
suitable for communicating both voice and data, including so called||iiidti-media 
data. 

In radio communications systems, for example in cellular rad|jo 
25 commtmications systems, power control is employed to attempt to ^oid 
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lumecessaiily high levels of radio transmission power being used, pltwer control 
may be employed to control the power level of transmission from a jpase station 
to a subscriber tmit and/or from a subscriber unit to a base station, ^oadly 
spealdng, the power is adjusted to be sufficiently high to meet a per|ormance 
target or criterion, but no higher than is required to achieve this perj|ormance 
target or criterion. 



In UMTS, the performance target employed in power control|ps ttiat of 
signal to interference ratio (SIR). Power control is implemented by c^termining 
1 0 tiie SIR, usually at every timeslot (which in UMTS is every 0.67 mse|). The 
detemuned SIR is compared to a SIR target, and the power level is £|ijusted 
accordingly. This is referred to as inner loop power control. 



Some communications systems further implement outer lood power 
1 5 control. In outer loop power control, a further performance aspect h monitored. 
The value of the performance target used in the inner loop power cc ntrol is then 
varied according to the monitored level of the further performance i spect. This 
variation is carried out at a less frequent rate tiian the irmer loop po /er control 
assessments and adjustments. In UMTS, the further performance as >ect may be 
20 chosen as any one of varioxis Quality of Service (QoS) parameters, b it typically 
Frame Erasure Rate (FER) is used for voice contunimication andBlo< k Error Rate 
(BLER) is used for data commtmication. In UMTS, the outer loop pc wex control 
is implemented such diat the iimer loop performance target is varie . (or 
potentially varied) every few hundred microseconds. 
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A further detail in relation to UMTS, and potentially ofhet railio 
communicaticms systems conununicating difCeiing types of data, e.^ multi- 
media, is that different types of data (i.e. diffeient services) may req die different 
values of the SIR target to be employed in the inner loop power con rol, due to 
differing quality of service needs. For example, a real-time video sei ace may 
require a higher SIR than a real-time voice service due to more detai being 
reqtiired. Another example is tiiat any sucli real-time service ina juirea 
higher SIR than data services that are not real-time, e.g. downloadiij ; of static 
web pages. 

Conventionally, any conflict arising from these differing requirements has 
not been considered or addressed. 



1 S Summary of the Invention 

The present inventors have realised that it would be desirabl| to modify 
the conventional outer loop power control process when two or mo|e difiEeiing 
services are being commimicated. 



20 



In a first aspect, the present invention provides an outer loop|power 
control method peif omied in a radio communications system, the nVethod 
comprising: determining tiiat a plurality of different services are bei ig 
communicated; performing a comparison with respect to the diff ere||it services; 
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and providing an inner loop power control perfoimance target in a planner 
dependent upon ttie comparison. 



10 



In a further aspect, the present invention provides an outer Icjbp power 
control method performed in a radio commtmications system, the ir ^od 
comprising: selecting one of a plurality of services being communicc :ed; and 
providing the inner loop power control performance target of the se ected service 
for use in an inner loop power control method for the services. Seleciuig tiie one 
service may comprise selecting the service which is the least delay tcterant 
service. Selecting the one service may be based upon a comparison c f one or 
more quality of service characteristics or requirements of the service i. Selecting 
the one service may comprise receiving an input from a user or ope]|ptor 
specifying the service. 



15 



In a further aspect, the present invention provides an outer Icjbp power 
control method performed in a radio communications system, the n ^od 
comprising: periodically calculating, for each of a plurality of differs it services 
being commtmicated, a separate change to the current inner power ] jop 

20 performance target; comparing the resulting respective current inne power loop 
performance target changes; identifying the largest of the resulting i ^spective 
current inner power loop performance target dianges; and changing the current 
inner power loop performance target by the amount of the identifiei largest 
resulting respective current inner power loop performance target ch mges to 

25 arrive at the inner loop power control performance target being pro^ ided. 
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In a further aspect, the present invention provides an outer Idbp power 
control method performed in a radio commiuiications system, the nlethod 
comprising: periodically calculating, for each of a plurality of dif£er< nt services, a 
separate new iimer loop power control performance target value; cc nparing the 
resulting respective iimer loop power control performance target va ues; 
identifying the hi^est inn» loop power control performance targei value from 
among the resulting respective inner loop power control performan £ target 
values; and using the identified highest inner loop power control p^ rformance 
target value as the inner loop power control performance target beii g provided. 
In this aspect, the method may further comprise: determining tiiat c le of the 
resulting respective inner loop power control performance target V2 ues differs 
from the resulting respective inner loop power control performance target value 
of one or more of the other services by more than a predetermined t ireshold for 
15 more than a predetemiined time; and responsive thereto, adjusting ate matching 
parameters of one or more of the services to bring the differing resp ;ctive inner 
loop power control performance target value doser to the resulting respective 
inner loop power control performance target values of the one or m >re other 
services. 



In any of the above aspects, the inner loop power control pei|ormance 
target may be a signal to interference ratio, SIR, target. 



In any of the above aspects, the radio commimication systexiSmay be a 
25 cellular radio communications system, and in particular may be a UMTS system. 
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In a further aspect the present invention provides a storage x^edium 
storing processor-implementable instructions for controlling a proc€|f sor to carry 
out the mettiod of any of the above mentioned aspects. 



10 



In a further aspect the present invention provides an apparatjks for 
performing an outer loop power control method in a radio commun cations 
S3rstem, comprising: means for determining that a plurality of difiEen nt services 
are being commtmicated; means for performing a comparison with i BSpect to the 
different services; and means for providing an inner loop power corltrol 
performance target in a manner dependent upon the comparison. 



In a further aspect tiKe present invention provides an apparat is for 
performing an outer loop power control method in a radio commun cations 

1 5 system, comprising means for selecting one of a plturality of services being 
communicated; and means for providing the inner loop power conti il 
performance target of the selected service for use in an inner loop p< wer control 
method for the services. The means for selecting the one service maj comprise 
means for selecting the service which is the least delay tolerant servi :e. The 

20 means for selecting the one service may comprise means for basing i le selection 
upon a comparison of one or more quality of service characteristics < r 
requirements of the services. The means for selecting the one service may 
comprise means for receiving an input from a user or operator speci ying the 
service. 



25 
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In a further aspect/ fhe present invention provides an apparatjlis for 
performing an outer loop power control method in a radio commxm cations 
system, comprising: means for periodically calculating, for each of a plurality of 

5 services being communicated/ a s^arate change to the current innei power loop 
performance target; means for comparing the restdting respective ci rrent inner 
power loop performance target changes; means for identifying fhe h rgest of tiie 
resulting respective current inner power loop performance target dh mges; and 
means for changing the current inner power loop performance targe : by fhe 

1 0 amount of titie identified largest resulting respective current inner p( wer loop 
performance target changes to arrive at the inner loop power contro 
performance target being provided. The apparatus may furtiier com ^rise: means 
for periodically calculating, for each of die services, a separate new j mer loop 
power control performance target value; the means for performing i comparison 

1 5 with respect to fhe different services may comprise means for comp iring fhe 
resulting respective iimer loop power control performance target va ues; means 
for identifying fhe highest inner loop power control performance ta get value 
from among the resulting respective inner loop power control perfo mance 
target values; and means for using the identified highest inner loop ?ower 

20 control performance target value as tiie iraier loop power control pe f ormance 
target being provided. The apparatus may further comprise: means 



25 



determining that one of the resulting respective inner loop power c( ntrol 
performance target values diiSers from the resulting respective inne loop power 
control perf oraiance target value of one or more of the other service ; by more 
than a predetermined threshold for more than a predetermined tim ; and means 



or 
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for adjusting, responsive thereto, rate matching parameters of one ojj more of the 
services to bring the differing respective inner loop power control pjrformance 
target value closer to the resulting respective inner loop power contjol 
performance target values of the one or more ottier services. 

5 

In each of the above mentioned apparatus, the mner loop po^er control 
perftwmance target may be a signal to interference ratio, SIR, target. 

Each of the above mentioned apparatus may be an element oj a cellular 
10 radio communications system, in particular a UMTS system. 

The present invention tends to alleviate or resolve conflict arfting from 
differing requirements with respect to outer loop power control of c iflferent 
services being communicated. The present invention tends to provii e an 
15 improved balance between quality of service requirement and overjll power 
consumptiTOi -when different services are being commtuiicated. 



20 



Brief Desciiption of the Drawings 

Embodiments of the present invention will now be describecU by way of 
example only, with reference to the accompanying drawings, in whfdi: 



FIG. 1 is a schematic illustration of a cellular communication| system 
25 compliant with, and containing network elements of, UMTS; 
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FIG. 2 is a block diagram of a cx>mmumcatioxis tinit; 

FIG. 3 is a process flowchart showing a summary of the process steps 
S carried out in a first embodiment of the invention; 

FIG. 4 is a process flowchart showing a summary of the proce|^s steps 
carried out in a second embodiment of the invention; 

10 FIG. 5 is a schematic illustration showing simplified plots of 3fR targets 

provided in the case of two services as a function of time; 

FIG. 6 is a process flowchart showing a smmnary of the procej^ steps 
carried out in a third embodiment of the invention; 

15 

FIG. 7 is a schematic illustration showing further simplified plots of SIR 
targets provided in the case of two services as a function of time; ani| 

FIG. 8 is a process flowchart showing a summary of the proems steps 
20 carried out in a fourth embodiment of the invention. 



Descriptioii of Preferred Embodiments 



wo 2005/055463 PCT/EP2004/051985 

10 



FIG. 1 is a schematic illustration of a cellular commuiucationsitsystem 60 
compliant with^ and containing network elements of, UMTS. 



10 



15 



A plurality of mobile stations, referred to tmder UMTS termiiiology as 
user equipments (UE's) 62, 64, 66 communicate over radio links 18, : 9, 20, 21 
with a plurality of base stations, referred to under UMTS terminolo^ y as Node- 
B's, 22, 24> 26, 28, 30, 32. The system comprises many other UE's an< base 
stations, which for darity are not shown. In this example each UE 67 64, 66 is a 
mobile telephone equipped with multi-media and internet browsing capability. 

The Node-B's 22-32 are connected to external networks, for e&mple, flie 
public-switched telephone network (PSTN) or the Internet, 34 throu ;h base 
station controllers, referred to imder UMTS terminology as Radio N twork 
Controller stations (RNC), including the RNCs 36, 38, 40 and mobil switching 
centres (MSC's), such as MSG 42 (the others are, for clarity, not shov n) and 
Serving GPRS Support Nodes (SGSN) such as SGSN 44 (the others a e, for 
clarity, not shown). 



Each Node-B 22-32 contains one or more transceiver units an( . 
20 commxmicates with the rest of the cell-based system infrastmcture v|a the lub 
interface 35 as defined in the UMTS specification. 



25 



Each RNC 36-40 may control one or more Node-B's 22-32. Eafch MSG 42 
provides a gateway to the external network 34, whilst the SGSN 44 lUnks to 
external packet networks. 
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The Operations and Management Centre (OMC) 46 is operab f connected 
to RNCs 36-40 and Node-B's 22-32 (shown only with respect to Noc 2-B 26 and 
Node-B 28 for darity), and administers and manages the parts of the celltilar 
5 telephone communication system 60, as will be understood by those||ski]led in 
the art 



In this embodiment the Node-B's 22-32 and the UE's 62-66 hdlve been 
adapted, to offer, and provide for, an adapted form of outer loop po yer control, 

10 as will be described in more detail below^ More particularly, in this ( mbodiment 
both the Node-B's 22-32 and the UE's 62-66 have been adapted to im element titie 
present invention, such diat in this embodiment the invention may 1 s applied to 
both downlink (from Node-B to UE) and uplink (from UE to Node-I ) 
transmissions. However, in other embodiments the invention may b \ applied by 

1 5 adapting just one of the tsrpes of communications units (Node-B's oi UE's ). 



More generally, the adaptation may be implemented in the re|pective 
communications tinits in any suitable manner. For example, new ap ^aratus may 
be added to a conventional cozrunxmications vinit, or alternatively ex sting parts 
20 of a conventional commtmications unit may be adapted, for exampL by 
reprogramming of a one or more processors therein. As such the rec lired 
adaptation may be implemented in the form of processor-implemen able 
instmctions stored on a storage medliun, such as a floppy disk, hare disk, 
PROM, RAM or any combination of these or other storage media. 
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It is also within the contemplation of the invention that such Adaptation of 
transmission characteristics may alternatively be controlled, implem inted in full 
or implemented in part by adapting any other suitable part of the 
commianications system 60. For example, the RNCs 36-40 (pr equiv; lent parts in 
other t3^es of systems) may be adapted to provide some or all of the 
implementation provided in this embodiment by titie Node-B's 22-3C 
tiie case of other network infrastmctures, implementation may be at 
appropriate node such as any other appropriate type of base station, 
controller etc Alternatively the various steps involved in determinii g and 
carrying out such adaptation (as will be described in more detail bel »w) can be 
carried out by various components distributed at different locations 
within any suitable network or ^stem. 



Further, in 
my 

base station 



>r entities 



As mentioned above, in this embodiment both the Node-B's ^-30 and 
15 UE's 62-66 are adapted such that the invention may be applied in be h uplink 
and downlink direction. As such the following description will be w ide in terms 
of downlink transmission from Node-B 24 to UE 62 over radio link 2 I, but it will 
be appreciated the description applies also to uplink transmission fr )m UE 62 to 
Node-B 24, and so on. Also, in this embodiment Node-B 24 and UE < 2 are of the 
20 same basic form with respect to aspects relevant to understanding tl is 
embodiment, and thus each constitute a basic communications unit 10 as 
illustrated in block diagram form in FIG. 2, and which will now be referred to in 
the further description of this embodiment 
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Eadi communications unit 110 contains an antenna 202 couplibd to a 
duplex filter or dxculator 204 that provides isolation between ieGeiv| and 
transmit diains within the communications unit 110. 



The receiver chain, as known in the art, includes scanning redbiver front- 
end circuitry 206 (effectively providing reception, filtering and inter nediate or 
base-band frequency conversion). The scanning front-end circuit is eiially 
coupled to a signal processing function 208. 



10 An output from the signal processing function is provided totbutput 210. 

In the case of UE 62, output 210 indudes a loudspeaker for audio ov put, a 
display and a data services output In title case of Node-B 24, output 110 
comprises interface means for communicating with RNC 38. 



15 The receiver chain also indudes received signal strength indijjator (RSSI) 

circuitry 212, whidi in turn is coupled to a controller 214 that operates to 
maintain overall control of Hie different functions and modules of tHe 
communications unit 110. The controller 214 is also coupled to the dfcaiming 
receiver front-end circuitry 206 and the signal processing function 2|8 (generally 

20 realised by a digital signal processor, Le. DSP). 



The controller 214 indudes a memory 216 that stores operatii g regimes, 
induding tiiose of interest with respect to this invention sudi as cop ng and 
interleaving (when transmitting) and decoding (when receiving). Tl||e above 
25 mentioned storage medium may form part or all of memory 216. 
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A timer 218 is typically coupled to the controller 214 to contr<| the timing 
of operations (transmission or reception of time-dependent signals) |dtiiin the 
commimications imit 110. 



10 



As r^aids the transmit chain, this indudes an input 220. In die case of UE 
62, input 220 indudes a microphone for a user^s voice input;, and a klyboard. In 
the case of Node-B 24, input 220 comprises interface means for recei ing 
commxuiication from RNC 38. The input devices are each coupled ir series 
through transmitter/modulation circuitry 222 and a power amplifier 224 to the 
antenna 202. The transmitter/modulation drcuitry 222 and Ihe p>owe||: amplifier 
224 are operationally responsive to the controller. 



The various components within each communications unit lljb are 
15 realised in this embodiment in integrated component form. Of cours i, in other 
embodiments, they may be realized in discrete form, or a mixture of integrated 
components and discrete components, or indeed any other suitable i Dim. 
Further, in this embodiment the controller 214 induding some or all Df memory 
216, is implemented as a programmable processor, but in other embi diments can 
20 comprise dedicated circuitry or any other suitable form (for example a part of 
memory 216 may be in RAM form integrated with a processor, whei jas a further 
part may be provided by a floppy disk or CD-RAM. 
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Certain details of the implementation of the inner loop and ojkter loop 
power control processes will now be described. First, the situation \|[hen just one 
service is being communicated will be described. 



5 For the inner loop power control, the performance target employed is that 

of signal to interference ratio (SIR). Power control is implemented b; ' 
determining the SIR, usually at every timeslot (which in UMTS is e\ sry 0.67 
msec). The determined SIR is compared to a SIR target, and the pow ^r level is 
adjusted accordingly. Thus, in terms of downlink transmission from Node-B 24 

10 to UE 62 over radio link 21, and considering UE62 as constituted by 

commxmications tmit 110, controller 214 assesses the SIR for transnt >sions it 
receives from Node-B 24 against the relevant SIR target, and then tr; nsmits a 
resulting power control instmction (known as transmit power contnpl, TPC) to 
the Node-B 24 such that Node-B 24 can then adjust its transmitted pjpwer 

15 accordin^y. 



20 



Furthermore, by virtue of the outer loop power control, the vftlue of the 
SIR target used by the UE 62 in tihe process described in the precedii g peuragraph 
is itself varied by controller 214 of UE 62. This variation is carried o it at a less 
frequent rate than the inner loop power control assessments and ad; istments, in 
this example every few hundred microseconds. The controller 214 o UE 62 
monitors a further performance aspect, and then determines change \ in tiie SIR 
target dependent upon the monitored level of the further perf ormar ::e aspect, 
using an outer loop power control algorithm, such as the sawtooth z Igorithm. 



25 
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In UMTS, the further performance aspect may be chosen as ailjy one of 
various Quality of Service (QoS) parameters, but typically Frame Erifeure Rate 
(FER) is used for voice communication and Block Error Rate (BLER) ||s used for 
data communication. 



It is noted that corresponding features to those described abof e with 
respect to commimications unit 110 are also found in conventional 
communications tmits (i.e. base stations and ITEM'S). Likewise, Ihe iiuilbr and outer 
loop power control processes described above are also implemented in 

10 conventional communications tmits (i-e, base stations and UE's). Ho vever, 
communications unit 110 (i.e. Node-B 24 and UE 62) differ over com entional 
communications units by virtue ttiat the controller 214, including xxu mory 216, 
and where appropriate, the signal processing function 208 and the 
transmitter/modulation circuitry 222 is adapted to provide an adapted form of 

15 the outer loop power control process, when plural services are beinf 

communicated (ie. each of the pltual services is carried on a respective transport 
channel of the same physical channel), as will be described in more detail below. 



In this first embodiment, when plur£d services are being comilKunicated, 
20 only one outer loop power control algorithm, i.e. for one of the servi :es, is 
performed, and this provides tiie SIR target for use in the inner loop power 
control algorithm. The service whose SIR target is used as tihie sole S p target may 
be selected in various ways. 
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For example, the least dday tolerant of the services may be sdected. 
Anottier possibility is that the selection of the service may be based i pan a 
comparison of one or more quality of service characteristics or requi ements of 
the services. 



10 



Anotitier possibility is tiiat the service may be selected by a usfer of the UE 
62 or an operator of part or all of the system 60. In tlus case, the UE |2 or system 
60 receives an input from a user or operator specifying the service tabe selected. 
The user or operator may be prompted to choose, or otherwise choo|es, to select 
the service he considers to be the most important of the plural servi<|p according 
to his needs. 



15 



In this embodiment, the service selected is the least delay toktant one, and 
hence the SIR target nomially used for the selected least delay toler^it service is 
used as the SIR target for the outer loop power control. 



20 



More generally, the selection of the service whose SIR target s used as the 
sole SIR target may be made according to various possibilities, whic i may in 
general be specified according to the requirements of the particular ystem or 
circumstances under consideration. 



25 



FIG. 3 is a process flowdiart showing a summary of the prcKH ss steps 
carried out in this first embodiment by the UE 62 (for the present ac :oimt of 
power control as applied to the downlink transmission), when ther^are two 
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services being communicated, e.g. a (first) speech service and a (sea nd) data 
service. At step s2, the UE 62 determines the delay tolerance of the t rst service. 
At step s4t, the UE 62 determines the delay tolerance of the second s( rvice. At 
step s6, the UE 62 compares the determined delay tolerances and de ermines 
which is the least delay tolerant of the services. At step s8, the UE 61 sets and 
uses its SIR target as that normally used by the determined least del ly tolerant 
service. For power control as applied to the uplink transmission ^ coi responding 
process steps are performed by the Node-B 24 (or RNC 38). 



10 A second embodiment will now be described. In this second Embodiment, 

the same apparatus and processes as described for the first embodiijfent above 
are employed, except where mentioned in the following. 



In UMTS, a Time Transmission Interval (TTI) is defined, whicjli is a period 
15 of coding and interleaving. The length of this will depend on the sei rice being 
commimicated or provided, and will usually have a duration of one||of 10 msec, 
20 msec^ 40 msec or 80 msec. 



t rei 



In this second embodiment, a single SIR target is initially set. 

20 each TTI, the block errors and quality estimates for each of the pluraj 
channels (each one carrying a respective one of the plural services) 
determine a respective potential change in the SIR target. Thus, for 
the case of two services, at the end of each TTI, two different potential 
change values are determined, one derived from each service. Any 

25 loop power control algorithm may be used for this, e.g. a sawtoolii t 



\t the end of 
transport 
used to 
^cample, in 
SIR target 
uitable outer 
gorithm. 
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Then the plural (here/ two) calculated potential SIR target changes a|e compared, 
and the greater of ftie two is used as tiie actual SIR target change, i.d the SIR 
target used in the inner power loop control algorithm over tiie couri b of the next 
in is dianged by aij amount equal to the greater of the two derivec potential 
SIR target change vajlues- This provides a process whereby the requi rements of 
both services tend tq be met or exceeded. 



10 



In other versions of ttiis second embodiment, the respective pibtential 
changes in the SIR target may be determined at time intervals ottier han at the 
end of each TTI. Such time intervals may be constant, or varied acco ding to any 
suitable algorithm, and may be based upon TIFs or any other suital le timing 
consideration. 



15 



20 



25 



nG.4 is a process flowchart showing a summary of the procdfes steps 
carried out in this second embodiment by the UE 62 (for the present accoimt of 
power control as applied to ttie downlink transmission), when there are two 
services being connmtmicated, e.g. a (first) speech service and a (secc id) data 
service. At step sl2, the UE 62 determines whether tihere are plural s irvices being 
communicated. When the outcome is that there are not plural sendo s, then this 
particular process is ended (although it will typically be repeated wl enever the 
service status is detected as changed by virtue of some other ongoinj ; process). 
However, when ttie outcome is that there are indeed plural services, then tiie 
process moves to step sl4. At step sl4, the UE 62 identifies that the r ;xt time 



interval is reached, Le. in this embodiment that the TTI has ended. Ii 
embodiment there are two services being commxmicated, hence at st 



this 

p sl6, the 
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15 



UE 62 calculates a SIR target change for the first service and at step 



18, the UE 62 
UE62 



calculates a SIR target change for the second service. At step s20, Ihi 
compares the two respective services' SIR target changes and deterx kines which 
is the highest. At step s22, the UE 62 provides the highest (here high of two) 

5 SIR target change for use as the required change or increment in the nnner loop 
power control process, Le. the highest of the determined SIR target < hanges is 
provided for use in the inner loop power control process where the nner loop 
power control SIR target is consequently changed by that amoimt 1 le process 
then returns to step sl2, and so on, xmtil it is determined on one of t le repetitions 

10 of step sl2 that there are no longer plural services being communica :ed. (The 
actual use of the highest SIR target change in the inner loop power c 3ntrol 
process is not shown as such in FIG. 4, as the timing of this is not ne ^essaiily 



consistent with the return to step sl2 from step s22 in the process 
FIG. 4.) 



fljwi 



chart of 



For power control as applied to the uplink transmission, corresponding 
process steps are performed by the Node-B 24 (or RNC 38). 



ThuSy in overview, in this second embodiment, a sq>arate collection to die 
20 SIR target is periodically, i.e* at time intervals, calculated for each respective 
service. For each such time interval, the resulting respective required SIR target 
changes are compared, and the highest change is tised as the overall derived 
correction to tiie ^R target from that time interval. 
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A third embodiment will now be described. In this third embdldiment/ the 
same apparatus and processes as described for the first and second embodiments 
above are employed, except where mentioned in the following. 



5 In this third embodiment, a separate respective outer loop po^l/er control 

algorithm is performed for each of the plural services being commui icated. Thus 
plural outer loop power control algorithms are run in parallel Const quently, 
after each calculation time interval of the algorithms, a respective oi rent SIR 
target will have been calculated for each service. FIG. 5 is a schemati ; illustration 

10 showing, by way of example, simplified plots of the SIR targets prov ded in tiie 
case of two services, namely a plot 301 of the SIR target calculated f o - the first 
service (data, say) and a plot 302 of the SIR target calculated for the s pcond 
service (voice, say) as a function of time. As shown in FIG. 5, each of the plots is 
formed of values of the respective SIR targets determined at consecu Ive time 

1 5 points to, ti, b . . . b, each of these occurring at the end of a time interv d 304. In 

this embodiment, each time interval 304 is a TTI^ and each time poini to, ti, tz ... t9, 
is at the end of a respective TTI. For darity, the plots 301, 302 in FIC p are only 
shown over the course of nine time intervals 304, however it will be |ppreciated 
that in normal operation there will be a very large number of time iii|ervals over 

20 Ihe course of, say, a typical call. 



25 



In this third embodiment, at each time point to, h, tz . .. t9, the i^pective 
SIR targets of the different services are compared, and the highest oi e is used as 
the SIR target, i.e. the value for the SIR target used in the iimer powe r loop 
control algorithm over the course of the next TTI is the highest SIR t; rget from 
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amongst die respective SIR targets determined for each service. In thlb example 
shown in FIG. 5, as can be seen by comparing plot 301 of tiie SIR tarf et of the 
first service with plot 302 of the SIR target of the second service, the ! IR target of 
the first service is higher than the SIR target of the second service foi time points 

5 to to ts inclusive; whereas the SIR target of the second service is high( r than the 
SIR target of the first service for time points te to ts indtisive Thus^ ii this 
example, the SIR target of the first service is xised in the inner loop p mer control 
process as the overall SIR target for time pcnnts to to ts, whereas tiie S R target of 
the second service is used in the inner loop power control process as the overall 

10 SIR target for time points U to ts. 



As in title case of titie earlier described second embodiment, th s third 
embodiment provides a process whereby the requirements of both s rvices tend 
to be met or exceeded, but in comparison to the second embodiment provides a 
IS further potential advantage of consuming less power than the seconi 

embodiment, since tihere will potentially be occasions when the SIR i urget is 
decremented in this third embodiment but would have been incremented in ttie 
second embodiment. 



20 In other versions of this third embodiment, the respective SIK targets may 

be determined at time intervals other than at the end of each TTl. Sum time 
intervals may be constant, or varied according to any suitable algori||Km, and 
may be based upon TTI's or any other suitable timing consideration. 
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FIG. 6 is a piocess flowchart showing a summazy of the procejte steps 
cairied out in this third embodiment by tiie UE 62 (for tiie present ac x>unt of 
power control as applied to the downluik transmission), when there -ire two 
services being communicated, e.g. a (first) speedh service and a (sect nd) data 
service. At step s32, the UE 62 determines whether there are plural s xvices being 
commimicated. When the outcome is that there are not plural servio then tiiis 
particular process is ended (although it will typically be repeated wl enever the 
service status is detected as changed by virtue of some other ongoin ; process). 
However, when the outcome is that there are indeed plvural services, then the 
process moves to step s34. At step s34, the UE 62 idoitifies titat the i ext time 
interval is reached, Le. in this embodiment that the TTI has ended, h this 
embodiment there are two services being commxmicated, hence at s1 >p s36, the 
UE 62 calculates a SIR target value for the first service and at step s3 5, the UE 62 
calculates a SIR target value for tiie second service. At step s40, the T E 62 
compares the two respective services' SIR targets and determines w! ich is the 
highest. At step s42, the UE 62 provides the highest (here higher of t vo) SIR 
target values for use as the updated SIR target value in tiie inner loo ) power 
control process, Le. the highest of the determined SIR targets is pro\ ded for use 
as the SIR target in the inner loop power control process. The pieces 5 then 
returns to step sl2, and so on, until it is determined on one of the re etitions of 
step sl2 that there are no longer plural services being communicatee . Qn 
practise, the UE 62 will typically also actually use the provided hig^h jst SIR target 
value as the SIR target in the inner loop power control process, but 1 us is not 
shown as such in FIG. 6 as the tuning of this is not necessarily consij jtent with the 
return to step s32 from step s42 in the process flowchart of FIG 6.) 
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For power coilitrol as applied to tfie uplink traxismissioiv corr^p<mdiiig 
process steps are peilfonn^ by tiie Node-B 24 (or RNC 38). 

Thus, in overview, in tiiis third embodiment a separate new fflR target 
value is periodically, i.e. at time intervals, calculated for each respecttve service. 
For each such time imterval, the resulting respective SIR targets are clmpaied 
and the highest SIR Itarget value is used as the overall new SIR targe] value from 
titiat time interval. 

A fourth embodiment will now be described. In tius fourth ei|bodiment, 
the same apparatus and processes as described for the first, second Jid third 
embodimaits above<are employed^ except where mentioned in the f|]lowing. 



15 
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This fourth embodiment is based on the above described thiri 
embodiment but comprises a forther adjustment stage, in which if i is 
determined tiiat tihe calculated SIR target of any of lite services is, o\ a: a 
predetennined amoqmt of time, or predetermix\ed number of time ir ervals, 
particularly high or low compared to tiie calculated SIR targets of th r other 
services, for example ttie difference is greater than a predetermined hreshold, 
then the rate matching parameters of one or more of the services are adjusted to 
bring the particularly high or low SIR target and the SIR targets of tl e other 
services doser together. 
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A situation where this may be applied is for the case of the Silk targets 
provided according to the method of the third embodiment above if their values 
witii time are found to be of, say, a form as shown sdiematically in I IG. 7. FIG. 7 
is a schematic illustration showing, by way of another example, furt ler 
simplified plots of the SIR targets provided in the case of two servio s. FIG. 7 
uses the same reference numerals to identify the same features as w|re used in 
FIG. 5. 
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In the example of HG. 7, the plot 302 of the SIR target calculaled for the 
second service is higher than plot 301 of the SIR target calculated foj the first 
service by more than a predetermined threshold 401 over the course of a 
predetermined nimiber of TTI time intervals 304, which in ttiis simp ified 
example is nine time intervals. (In practical systems, rather than this simplified 
example, the number of time intervals required to be satisfied will t pically be 
much higher tiian this, and will be specified or selected, along with he difference 
threshold ^1, by the skilled practitioner according to the requiremt tits of the 
particular system or circumstances under consideration.) This impli » tiiat flie 
quality of service of the second service may be better than it needs t > be, with 
imnecessarily high consumption of power. The power/performance balance is 
potentially improved by the following process carried out in this foi irth 
embodiment. 



25 



In response to the difference between the respective SIR targttts of the two 
services being more than a predetermined threshold for more tiian 
predetermined time, the rate matching parameters of both services ire altered, to 
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bring the respective SIR targets doser together. In particular, repetitShn is added 
to the first service^ and puncturing is added to the second service. Ti is may be 
implemented in any suitable fashion, although in this embodiment t lis is 
conveniently implemented mid-call using existing messages known is Radio 
Resource Confarol (RRC) message Transport Channel Reconfigure. (I i other 
versions of this embodiment, the adjustment ccnnprises only eitfter r ipetition 
being added to the first service or puncturing being added to the sec md service. 
In the case of more than two services, any comWnation of adding re^ etition to 
one or more of the services with relatively lower SIR target, and/or z iding 
puncturing to one or more of the services with relatively higher SIR |aiget may 
be employed.) 



15 



More generally, in other versions of tids fourOi embodiment, |[he 
adjustment may be triggered by comparison of an average differenc : between 
the SIR targets of plural services over a given time to tiie predetermi led 
difference threshold. 
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Furthermore, the above described monitoring of the differenl|al with 
respect to ti\e predetermined threshold 401 may be carried out at all times, or 
triggered by any predetermined event or parameter values as requi ed. One 
particular possibility is to trigger this process when the jxrocess des< ribed for the 
third embodiment above continues for a given amoimt of time or ni mber of time 
intervals without the respective plots of the SIR targets of the two s( rvices 
'crossmg over", i.e, changing with respect to which is the higher va ue (or in the 



case of more than two services, when the plot of the SIR target of oijp i 



service 
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does not cross over any o£ the plots of ttie other services during a gi\|n amount 
of time or number of time intervals). 
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FIG. 8 is a process flowchart showing a summary of the proceft s steps 
carried out in this fourth embodiment by the UE 62 (for the present i ccount of 
power control as appUed to the dowiUink transmission), when there jre two 
services being communicated, e.g. a (first) speech service and a (secc yd) data 
service. Steps s3^ s34, s36, s38, s40 and s42 are as described above iSjf the third 
embodiment. 

In addition, after step s40, at step sSO, the difference between Ihe SIR 
targets of the two services is compared to a criterion or criteria. In th s example, 
the criteria are that the difference in the SIR targets at tfiis time inter 'al 304 is 
greater than the predetermined threshold 401, and that this is the ni ith 
consecutive time interval 304 for which this is the case. If these critei ia are not 
met, then the process moves to step s42. However, if tiiese criteria ai = met, then 
the process moves to step s52. At step s52, the UE 62 provides (inter lal) 
adjustment instructicois for adjusting the rate matching parameters < n the first 
service and/or the second service. In this example, the adjustment ir jtructions 
are for adding repetitian to flie first service and adding puncturing i 3 the second 
service. The process then moves on to step s42. (In practise, tiie UE ( 2 will 
typically also actuaUy implement the provided adjustment instructi .ns, but this 
is not shown as such in HG. 8, as the timing of this is not necessaril) consistent 
with the return to step s32 firom step s42 in the process flowchart of JIG. 6.) 
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For power coijitrol as applied to fhe uplink transmissioiv corresponding 
process steps are peijformed by the Node-B 24 (or RNC 38). 



10 



15 



In the flowcharts of FIGs. 4, 6 and 8, all process steps are sho\|n (and 
described in the conjesponding part of fhe description) as being imp emented 
one after fhe other, but it will be appreciated that many of the steps, :or example 
step 52 and step s4 ixli FIG. 3, step $16 and step sl8 in FIG. 4, and stej. s36 and step 
s38 in FIG. 6 and FIC^. 8, maybe performed at the same time in para] el or in 
some other overlappjing manner. 

Although in Qertain of the above embodiments fhe number ojMdifferent 
services is two, it will be appreciated tiiat fhe invention is applicable to pluralities 
of services comprising more than two services. Also, in the case oft ro or more 
services, one of the Services of the plurality of services may in fact b| a signalling 
channel. 
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In the above embodiments the iimer loop power control performance 
isaSm. 
be employed. 



target is a SIR targetj, but in other embodiments other performance 4rgets may 



The above enjibodiments are implemented in a cellular radio 
communications system, more particularly a UMTS system, in whic i inner loop 
power control and <^uter loop power control ate defined in the UNT] 5 standards 
and are well known to the skilled person. However, other embodinr mts may be 
implemented in oth^r types of celltilar radio communications systei is, and more 
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generally in other types of radio communications systemis, which hajjre inner loop 
power control and outer loop power control The terms "inner loop >ower 
contror and ''outer loop power contror are to be understood to extl nd, as 
appropriate in the case of radio rommunications systems other thanljMTS, to 
any power control arrangements, processes or algorithms in whidi * first 
parameter or plurality of parameters or function is assessed against i target on a 
first timescale to deti^miine possible power changes (i.e. inner loop j ower 
control) and where the target itself is adjusted in view of a second p rameteror 
plurality of parameters or function on a second timescale longer tha i die first 
timescale (Le outer Joop power control), even if such power control aspects are 
not called ''inner loqp" and "outer loop" as such in the temiinology jisually used 
for such S3r5tems. 
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